The property evaluation of zirconia ceramics sintered high power submillimeter waves by 谷, 晋仁 et al.
㧗ฟຊࢧࣈ࣑ࣜἼ↝⤖ࡉࢀࡓࢪࣝࢥࢽ࢔ࢭ࣑ࣛࢵࢡࢫࡢ≉ᛶホ౯
The property evaluation of zirconia ceramics  
sintered high power submillimeter waves 
㇂᫴ோ 1㸪బྂ຾ⱥ 1㸪ᶫᮏ⚽୍ 1㸪ᑿ㛵㝯๎ 1
ග⸨ㄔኴ㑻 1㸪ฟཎᩄᏕ 1㸪ᩧ⸨㍤㞝 1㸪బ㔝୕㑻 2
S. Tani1 K. Sako1,, S. Hashimoto1, T. Ozeki1,
S. Mitsudo1, T. Idehara1, T. Saito1, S. Sano2
1 ⚟஭኱Ꮫ㐲㉥እ㡿ᇦ㛤Ⓨ◊✲ࢭࣥࢱ࣮
1 Research Center for Development of Far-Infrared Region, University of Fukui 
Fukui 910-8507. Japan
2 ⏘ᴗᢏ⾡⥲ྜ◊✲ᡤ୰㒊ࢭࣥࢱ࣮
2 National Institute of Advanced Industrial Science and Technology 
Aichi 463-8560. Japan 
Abstract
We developed a material processing system by using a 300 GHz gyrotron. Partially 
stabilized zirconia ceramics were successfully sintered by using this submillimeter wave 
material processing system.  
The submillimeter wave sintering curve showed that the sintering was lower for the 
submillimeter wave processing as compared to the millimeter wave processing at the 
same temperature. In order to understand this difference, microscope images of cut 
surfaces were analyzed. The distribution of the micro Vickers hardness of cut surface was 
also measured. The submillimeter wave sintered sample has an inhomogeneous and a 
special distribution. In order to explain this special distribution of the density, a 
distribution of the energy efficiency of the electromagnetic wave with the frequency of 
300 GHz in a zirconia ceramics was calculated. The result of calculation dose not 















⌧ᅾࡲ࡛࡟㸪ᡃ ࠎࡣࢧࣈ࣑ࣜἼᖏ࡛ࡢ⇕ฎ⌮ࡀ⾜࠼ࡿୡ⏺࡛၏୍ࡢ 300 GHz ࢪࣕ࢖









ᅗ 1-1   300 GHz 㧗ฟຊࢪࣕ࢖ࣟࢺࣟࣥᮦᩱࣉࣟࢭࢵࢩࣥࢢ⿦⨨











































ࡀᆒ୍࡟࡞ࡿࡼ࠺࡟Ἶࡋࡻ࠺㗪㎸ࡳᡂᙧἲ࡛సᡂࡋࡓࠋ኱ࡁࡉࡣ┤ᚄ 20 mm㸪ཌࡉ 5 mm
࡟ไᚚࡋ㸪኱Ẽ୰ 800 Υ࡛௬↝ࡁࡋ࡚࠸ࡿࠋ௬↝ࡁᚋࡢᐦᗘࡣ⣙ 3.0 g/cm3࡛࠶ࡿࠋ
 ᗘ ᐃ࡟ࡘ࠸࡚ࡣ㸪ࢧࣈ࣑ࣜἼ↝⤖᫬ࡣ㸪ࣔࣜࣈࢹࣥࢩ࣮ࢫ(┤ᚄ 3.2 mm)ࡢࢱࣥࢢ











ࡣ᪼ ㏿ᗘ 60 Υ/min㸪ࡑࢀࡒࢀࡢ↝⤖ ᗘ࡛ 10 ศ㛫࣮࣍ࣝࢻࡋࡓᚋ㸪⮬↛෭༷ࡋࡓࠋ




















࢖ࢡࣟࣅࢵ࣮࢝ࢫ◳ᗘࢆ♧ࡋ࡚࠸ࡿࠋᅗ 3.2 ࡣ(a), (b), (c)࡜㡰࡟↝⤖ ᗘ㸪┦ᑐᐦᗘࡀ኱
ࡁࡃ࡞ࡗ࡚࠸ࡿࠋ




























0ȣm                1200ȣm
(a) ↝⤖ ᗘ 1100 Υ ┦ᑐᐦᗘ 84.50 % 
0ȣm                1200ȣm
(b) ↝⤖ ᗘ 1200 Υ ┦ᑐᐦᗘ 92.83 % 
0ȣm                1200ȣm
(c) ↝⤖ ᗘ 1300 Υ ┦ᑐᐦᗘ 95.00 % 
ᅗ 3-2 ⤌⧊ほᐹ⤖ᯝ















































































































































ࢠ࣮ῶ⾶⋡ࢆィ⟬ࡋࡓ⤖ᯝࡀᅗ 3-3 ࡛࠶ࡿࠋィ⟬ࡣ࿘Ἴᩘ 300 GHz ࡟௜࠸࡚, ㄏ㟁ᦆ⋡
ࢆ 0.1 ࠿ࡽ 27 ࡲ࡛ኚ࠼࡚, ヨᩱࡢᾐ㏱࡟࡜ࡶ࡞࠺㟁☢Ἴࡢῶ⾶ࢆ⪃៖ࡋ࡚, 㟁☢Ἴࡢ࢚
ࢿࣝࢠ࣮ຠ⋡ࡀヨᩱෆ࡛࡝ࡢࡼ࠺࡟ኚ໬ࡍࡿ࠿ࢆồࡵ࡚࠸ࡿࠋ ࢪࣝࢥࢽ࢔ࢭ࣑ࣛࢵࢡ
ࢫ࡟ࡘ࠸࡚ 2.45 GHz࡟࠾ࡅࡿㄏ㟁ᦆ⋡ࡢ ᗘኚ໬[2], ཬࡧ 13 GHz࡟࠾ࡅࡿㄏ㟁ᦆ⋡ࡢ
 ᗘኚ໬[3]࠿ࡽ 300 GHz 1100 Υ࡟࠾ࡅࡿࢪࣝࢥࢽ࢔ࢭ࣑ࣛࢵࢡࢫࡢㄏ㟁ᦆ⋡ࡣ 5㹼1
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